ABSTRACT (2)(3) (4) (5) (6) (7) . The oxidative metabolism of BP is catalyzed by enzymes located in the endoplasmic reticulum of various tissues, and the metabolites formed include arene oxides, phenols, quinones, dihydrodiols, and diol epoxides (5, 6). Some of these BP metabolites bind to DNA (8-12), cause mutations in bacteria (13-18) and mammalian cells (14, (16) (17) (18) (19) (20) (21) , and are carcinogenic (22) . Of the very large number of potential and known metabolites that may be formed from the oxidative metabolism of BP, recent attention has focused on metabolism of the benzo-ring of this polycyclic hydrocarbon. In 1973, Borgen et al. (10) showed that metabolic activation of (+)- by liver microsomes resulted in a much greater binding to added DNA than metabolically activated BP, 3-hydroxybenzo[a]pyrene, BP 4, or BP 9, 8, 9, as the metabolite of BP 7,8-dihydrodiol that binds DNA. The nucleoside-hydrocarbon binding profile obtained with BP Abbreviations: BP, benzo[a]pyrene; BP 7, 7, 8, 9, BP 7, either or both stereoisomers of (+)-7,8-dihydroxy-9,10-epoxy-7,8,9,10-tetrahydrobenzo[alpyrene. Malaveille et al. (15) reported that a BP 7,8-diol-9,10-epoxide of unknown stereochemistry and purity was equipotent to BP 4,5-oxide as a mutagen in bacterial cells. Sims et al. (11) and McCaustland and Engel (24) described the reaction of peroxyacid with BP 7,8-dihydrodiol but did not provide any evidence for the stereochemistry of the product. Our laboratories synthesized and assigned the relative stereochemistry of both stereoisomers of BP 7, and demonstrated the remarkably high mutagenic activity of one of the stereoisomers (16, 26) towards bacterial and mammalian cells. Subsequent studies have compared the high mutagenic activity of both stereoisomers of BP 7, 20, 21, 27) . Detailed studies on the mutagenicity of more than 30 potential and known metabolites of BP have indicated that the two stereoisomers of BP 7,8-diol-9,10-epoxide are by far the most potent mutagens of BP yet described (14, 16-18, 20, 26, 27).
(0.15 ,mol), the compound was equipotent to the parent hydrocarbon, benzo[alpyrene, and considerably more potent than its metabolic precursor, benzo[alpyrene 7,8- (2) (3) (4) (5) (6) (7) . The oxidative metabolism of BP is catalyzed by enzymes located in the endoplasmic reticulum of various tissues, and the metabolites formed include arene oxides, phenols, quinones, dihydrodiols, and diol epoxides (5, 6) . Some of these BP metabolites bind to DNA (8) (9) (10) (11) (12) , cause mutations in bacteria (13) (14) (15) (16) (17) (18) and mammalian cells (14, (16) (17) (18) (19) (20) (21) , and are carcinogenic (22) . Of the very large number of potential and known metabolites that may be formed from the oxidative metabolism of BP, recent attention has focused on metabolism of the benzo-ring of this polycyclic hydrocarbon. In 1973, Borgen et al. (10) showed that metabolic activation of (+)- (18, 20, 21, 27) . Detailed studies on the mutagenicity of more than 30 potential and known metabolites of BP have indicated that the two stereoisomers of BP 7,8-diol-9,10-epoxide are by far the most potent mutagens of BP yet described (14, 16-18, 20, 26, 27) .
A possible scheme for the metabolic formation of an ultimate carcinogen from BP thus emerges: BP 7,8-diol-9,10-epoxide is synthesized from BP via formation of BP 7,8-oxide, hydration of this arene oxide to BP 7,8-dihydrodiol, and epoxidation of the 7,8-dihydrodiol at the 9,10-position. Epoxidation of BP at the 7,8-position is catalyzed by the microsomal NADPH-dependent monooxygenase system (28) . This cytochrome P-450-containing system is also required for the epoxidation of BP 7, 29) . .The hydration of BP 7, (20) , liver microsomes (15), or a highly purified, reconstituted monooxygenase system (31) . The weakly mutagenic BP 7,8-oxide can also be metabolically activated to a potent bacterial mutagen(s) by a combination of the purified monooxygenase system and purified epoxide hydrase (31) . In this regard, we have recently reported that BP 7,8-oxide, although less carcinogenic than BP, is a strong carcinogen on mouse skin compared to BP 4,5-oxide and BP 9,10-oxide (22) . The carcinogenicity of the unstable BP 7,8-oxide cannot be attributed to its phenolic isomerization products, 7-and 8-hydroxybenzo[a]pyrene, since these compounds have been shown to be noncarcinogenic at a dose of BP 7,8-oxide that results in a tumor incidence of greater than 90% when applied topically to mice (32 
RESULTS
The carcinogenic potency of BP and two primary oxidative metabolites of this polycyclic aromatic hydrocarbon, BP (Fig. 1 ).
Histological examination of the skin from tumor-bearing animals that had been treated with BP or BP 7, revealed that most of the tumors were squamous-cell carcinomas. Both gross and histological examination of a number of internal organs showed the presence of a small number of internal tumors. Metastatic squamous-cell carcinomas were found in the lymph nodes of one animal treated with BP and in the lungs of two animals treated with BP 7, ,gmol). These results are in agreement with our previously reported studies, which showed that most of the skin tumors produced by BP (22, 32) or BP 7, were squamouscell carcinomas and that very few internal tumors were detectable after topical application of these compounds to C57BL/6J mice.
DISCUSSION
We have recently reported that BP 7,8-oxide, unlike BP 4, oxide and BP 9,10-oxide, is a strong carcinogen on mouse skin, although it is less potent than BP (22) . Since BP 7,8-oxide is a relatively unstable compound (t1/2 = 30 min in pH 7.4 phosphate buffer at 370), it was possible that BP 7,8-oxide was only less carcinogenic than BP because of its inherent instability (22 (32) . In the present study, H4-7,8-epoxide was found to be inactive as a skin carcinogen at a dose of BP is converted to the dihydroxy compound by epoxide hydrase (18) , but this compound cannot be converted to BP 7,8-diol-9,10-epoxide, since the double bond has been removed from the 9,10-position (Fig. 3) . On the other hand, the results presented here demonstrate that BP 7,8-dihydrodiol, formed from BP 7,8-oxide (Fig. 3) by the enzyme epoxide hydrase (28, 30, t) , is a far more potent carcinogen than BP 
